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In this issue of Immunity, Schlee et al. (2009) defines key RNA structures recognized by a cellular viral sensor,
RIG-I. This and another recent report by Schmidt et al. (2009) provide new insights into themechanism of anti-
viral innate immunity.When we get infected by viruses, our cells
detect their replication and initiate an anti-
viral response program that includes
production of type I interferon (IFN-I)
within hours of infection. Although some
Toll-like receptors (TLR3, TLR7, and
TLR8) detect viral RNA released from the
infected cells, RIG-I and related RNA hel-
icases, MDA5 and LGP2, recognize viral
RNA in the cytoplasm (Yoneyama and
Fujita, 2009). With gene-deleted mice
and cells, it was demonstrated that RIG-I
participates in the detection of a variety
of viruses including influenza A, Sendai,
Newcastle disease, Vesicular stomatitis,
and Japanese encephalitis viruses. In
contrast, the picornaviridae family of virus
is selectively detected by MDA5. Some
viruses including West Nile virus are de-
tected by both RIG-I and MDA5. The
differential recognition by these sensors
is suggested to arise from distinct speci-
ficity for RNA structures.
A classical nonself RNA is double-
stranded (ds) RNA, which is not detect-
able in uninfected cells, consistent with
the lack of an RNA-dependent RNA poly-
merase in mammalian cells. A systemic
investigation revealed that RIG-I and
MDA5 preferentially recognize short and
long dsRNA, respectively (Kato et al.,
2008). However, use of a dsRNA mono-
clonal antibody as a probe showed that
some viruses, including influenza virus
A, do not produce detectable amounts
of dsRNA in infected cells, suggesting
another type of RNA pattern that is recog-
nized by RIG-I (Pichlmair et al., 2006).
Two reports revealed that viral RNA with
50 triphosphate (50 tri-p) is a crucial determi-
nant for nonself RNA recognition by RIG-I
(Hornung et al., 2006; Pichlmair et al.,
2006). Although cellular RNA transcribed
in the nucleus fails to activate the IFN-1
pathway because it undergoes removal of4 Immunity 31, July 17, 2009 ª2009 Elsevier50 tri-p prior to transport to the cytoplasm,
RNA polymer containing 50 tri-p, produced
by in vitro transcription with phage RNA
polymerase, efficiently activates IFN-I
production in RNA-transfected cells. 50 tri-
p is necessary because its removal by
phosphatase rendered the RNA refractory
to detection by RIG-I. However, Schlee
et al. (2009), in this issue of Immunity, and
a separate report by Schmidt et al. (2009)
discovered that 50 tri-p alone is not suffi-
cient for downstreamsignaling. They found
that chemically synthesized 50 tri-p RNA
without use of the phage polymerase is
unable to activate IFN-I production. In vitro
RNA transcripts often contain double-
stranded structures as a result of a ‘‘copy
back’’ mechanism from the 30 end.
Figure 1. Model for RIG-I Activation by dsRNA and 50 Tri-p + Panhandle RNA
In uninfected cells, RIG-I is autorepressed, in which CARD is masked by a closed conformation. When
dsRNA of <300 bp is produced as a result of viral replication (right), multiple molecules of RIG-I associate
with the double helix. Binding of RIG-I with dsRNA activates ATPase activity as well as conformational
change, resulting in exposure of the CARD domain. CARD-CARD interaction is facilitated to induce olig-
omerization of RIG-I as well as complex formation withMAVS (also known as IPS-1, VISA, or Cardif), which
is anchored on the outer membrane of the mitochondria. Some RNA viruses do not produce a detectable
amount of dsRNA. However, they produce viral RNA with 50 tri-p and panhandle structures (left). These
RNA associate with RIG-I molecules through interaction with 50 tri-p and panhandle regions. This binding
induces conformational change and exposure of CARD for RIG-I dimer or oligomer formation, thereby trig-
gering downstream signaling events as mentioned above.Inc.
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investigation on short dsRNA (<30 base
pairs [bp]) and determined the optimal 50
tri-p RNA structure for RIG-I activation.
They chemically synthesized 50 tri-p
single-stranded RNA and annealed them
with different lengths of complementary
RNA strands for analysis. It was found
that the optimal structure was blunt
ended 50 tri-p dsRNA with >20 bp.
The genome of many negative-strand
viruses, including influenza A, Rabies,
and Measles viruses, contain partial
complementary sequences at 50 and 30
regions. These regions are critical for viral
replication, transcription, and translation,
presumablyby formingbasepairs, astruc-
ture also known as the panhandle. Be-
cause the presumed panhandle regions
of the viral genomes contain blunt-ended
50 tri-p structure, these might serve as
strong agonists for RIG-I. Indeed, Schlee
et al. (2009) synthesized a Rabies viral
panhandle (without a pan) and demon-
strated that it can activate RIG-I.
RIG-I is composed of three main
domains. The ATPase-RNA helicase
domain of RIG-I is the largest portion of
RIG-I and is implicated for conformational
change upon activation. The C-terminal
region is responsible for RNA recognition
(Cui et al., 2008; Takahasi et al., 2008).
The N-terminal domain containing
tandem repeat of caspase activation and
recruitment domain (CARD) is responsibleIL-33 Raises Alarm
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The interleukin-1 (IL-1)-like cytokine
In this issue of Immunity, Lu¨thi et al.
by caspase-3 and -7 to prevent an i
Interleukin-33 (IL-33) was initially des-
cribed as ‘‘nuclear factor from high endo-
thelial venules’’ (NF-HEV) because it re-
sided in the nucleus of high endothelial
cells (Baekkevold et al., 2003). These cellsfor relaying the signal to downstream
effectors (Yoneyama and Fujita, 2009). It
has been proposed that in a repressed
state, CARD is masked by the action of
the C-terminal domain; however, upon
RNA binding, conformational change is
induced, thereby exposing CARD (Taka-
hasi et al., 2008).
Schmidt et al. (2009) demonstrated that
both 50 tri-p and short dsRNA moiety,
respectively, form a complex with RIG-I.
Furthermore, a biologically active RNA
molecule with both of these structures
induces a RIG-I dimer. Taken together,
these results suggest a new model
(Figure 1) in which 50 tri-p and double-
stranded structures present in one RNA
molecule bridge two RIG-I molecules to
facilitate RIG-I dimer (oligomer) formation,
which has been observed in virus-in-
fected cells (Saito et al., 2007). However,
there are several issues to be resolved
before finalizing this model, particularly,
the mechanism of recognition of the two
nonself signatures by domains of RIG-I
should be elucidated.
Schlee et al. (2009) and Schmidt et al.
(2009) uncovered that 50 tri-p and
panhandle structures of viral RNA are
crucial for RIG-I activation to initiate an
antiviral response program. The dual
detection facilitates highly specific recog-
nition and avoids unnecessary activation
of the IFN system, which is sometimes
toxic to normal cellular function.it1,*
ntech, 1 DNA Way, South San Francisco, CA 9
IL-33 is widely assumed to undergo p
(2009) show that IL-33 is not a caspa
nappropriate immune response duri
form ‘‘high endothelial venules’’ (HEVs) in
secondary lymphoid tissue and serve as
entry sites for extravasating lymphocytes.
More recently, nuclear IL-33 was also
detected in epithelial and non-HEV endo-
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